A low profile, unidirectional, dual layer, and narrow bandwidth microstrip patch antenna is designed to resonate at 2.45 GHz. The proposed antenna is suitable for specific applications, such as security and military systems, which require a narrow bandwidth and a small antenna size. This work is mainly focused on increasing the gain as well as reducing the size of the unidirectional patch antenna. The proposed antenna is simulated and measured. According to the simulated and measured results, it is shown that the unidirectional antenna has a higher gain and a higher front to back ratio (F/B) than the bidirectional one. This is achieved by using a second flame retardant layer (FR-4), coated with an annealed copper of 0.035 mm at both sides, with an air gap of 0.04 0 as a reflector. A gain of 5.2 dB with directivity of 7.6 dBi, F/B of 9.5 dB, and −18 dB return losses ( 11 ) are achieved through the use of a dual substrate layer of FR-4 with a relative permittivity of 4.3 and a thickness of 1.6 mm. The proposed dual layer microstrip patch antenna has an impedance bandwidth of 2% and the designed antenna shows very low complexity during fabrication.
Introduction
Microstrip patch antennas have been of interest for a long time due to their low profile, low cost, easy printability, and fabrication, as well as the capability of being embedded within other devices. However, there are many disadvantages, such as low gain and narrow bandwidth [1, 2] . The gain of an antenna refers to the ratio of its radiation power in a specific direction to its power in the isotropic direction [3] . Many researchers are working to enhance the gain of the patch antennas using different designs, ideas, and materials [4] [5] [6] [7] [8] [9] [10] [11] . On the other hand, narrow bandwidth system implementation improves system selectivity in a number of applications, including military, security, digital enhanced cordless telecommunications, and low power systems [12] . At the same time, due to the new technologies, most designers tend to reduce the size and increase the efficiency of the devices.
One of the common methods to enhance the gain and directivity is the use of reflector planes. In [13] , using the concept of complementary antennas, a planer antenna is presented with a U-shaped metal reflector to achieve a unidirectional propagation; the resultant antenna has a low profile, high F/B, and high gain along the operating frequency range. Moreover, in [14] , a multiple metal back reflector is proposed for a wideband slot antenna. In [15] , using a metallic cavity shaped as a reflector with a magnetoelectric dipole antenna, the proposed antenna exhibits a high gain with high F/B in the operating frequency range with relatively large dimensions.
But in [16] , using a substrate rather than metal as a reflector is introduced to enhance the F/B radiation with aperture coupled antennas. In [17] , a high impedance surface (HIS), in the shape of arrays of square cells, is used to reduce the back lobe propagation. The design shows an enhancement in the gain along the frequency range and high F/B. In [18] , a dual band, unidirectional coplanar waveguide fed antenna (DB-CPWFA) is proposed. The reflector contains the ground plane, dielectric material, and artificial magnetic conductor. However, the dimensions of the antennas in the previous works are considered relatively large [13] [14] [15] [16] [17] [18] . Therefore, achieving high gain while minimizing the size of the antenna is crucial. In this paper, a new microstrip patch antenna is designed, simulated, and fabricated. The effect of the reflector layer on the gain and directivity is studied and evaluated. Furthermore, the air gap thickness between the two layers of the substrates is investigated. By tuning and optimization, the desired characteristics are achieved and the effect of the multigeometrical shapes is shown. The simulation results are compared to the DB-CPWFA [18] and the conventional microstrip patch antenna [19] . The simulated results are validated by the measurements and the effect of the reflector layer is verified. The measurement results demonstrate that the gain, directivity, and F/B ratio of the antenna have been significantly improved.
Proposed Antenna
The proposed dual-layer microstrip patch antenna design was developed by taking the design of the conventional square patch antenna, then changing it by removing symmetrical parts from the left and right sides, changing the right angles to curves, and finally introducing a circular slot in the ground plane. Finally, the proposed design is accomplished using a second layer of FR-4, which is coated with a copper film at both sides, spaced 0.04 0 from the ground layer.
In order to make the patch antenna operate at the desired characteristics, a tuning and optimization technique is introduced. Therefore, in order to make the design more flexible and workable during this procedure the proposed antenna contains multigeometrical details. In antenna designs, sacrificing some parameters is compulsory in order to enhance others [20] . tangent of 0.025, coated with annealed copper of 0.035 mm thickness at both sides. Four spacers are used, which are made of Teflon PTFE (polytetrafluoroethylene), which is a lossy material, with 2.1 relative permittivity. A second FR-4 layer, which is coated with annealed copper of 0.035 mm thickness at both sides, is placed at a distance of 0.04 0 from the first FR-4 layer. The second FR-4 layer acts as a reflector to redirect the propagation density from the back lobe to the main lobe. Hence, for the same radiation efficiency, increasing the directivity, , means increasing the gain, , as follows [3] :
where is the radiation efficiency. The patch antenna is fed using a microstrip feed transmission line with 50 Ω characteristic impedance, 8.2 mm length, and 3 mm width. The inset feed transmission line is connected to the port using a subminiature version A (SMA) connecter.
Simulation Results
The proposed design was simulated using CST-MW studio; the design was done through three main stages. The first stage consisted of a primary design, which contained a single layer antenna with a full ground plane. The characteristics of the first stage antenna were enhanced in the second stage by introducing a circular slot of 6 mm radius in the ground layer. The slot radius was chosen through sweeping the radius in the simulation from zero to 8 mm. Figure 2 shows the effect of the radius ( ) in mm of the circular slot on the gain of the second stage. From Figure 2 , it can be shown that the gain can be increased by increasing the radius of the slot. However, this will increase the return losses; therefore, it is a matter of tradeoff between the gain and return losses. At the last stage, a second substrate layer, which is coated with 0.035 mm copper films at both sides, is added at a distance of 0.04 0 from the ground layer and fixed using four cylindrical PTFE spacers with outer diameter of 6.5 mm and inner diameter of 3 mm as shown in Figure 3 .
The characteristics of the three stages, the DB-CPWFA [18] , and the conventional square patch antenna [19] are illustrated in Table 1 . It can be observed that, from Table 1 , the proposed antenna outperforms both the conventional one in terms of matching impedance and gain and the DB-CPWFA in terms of matching impedance, complexity, and a significant size reduction of 67.4% with a comparable gain. Since the gain is directly proportional to the effective area of the antenna [3] , the resultant simulated gain of the proposed antenna is considered comparable to that of the DB-CPWFA.
The effect of the air gap distance on the gain of the dual layer microstrip patch antenna at the desired frequency is shown in Figure 4 . The values of air, in Figure 4 , represent the distance in mm between the two-substrate layers. In comparison with the conventional microstrip patch antenna, it is clear that there is an increment in the gain along the distance range from air = 1 mm to air = 6 mm. The curve reaches the maximum value at the desired frequency with an air gap distance of 5 mm.
The directivity of the three stages and the conventional microstrip patch antenna are listed in Table 2 . Figures 5-8 show the far field directivity of the three stages and the conventional square patch antenna. The red color indicates the far field region, the angle of the main lobe direction is colored with blue, and the green color indicates the maximum value of the back lobe direction. With the spacing value chosen of 0.04 0 , the reflected radiation from the second layer reinforces the main lobe radiation. As a result, the main lobe is increased. Accordingly, the gain is increased by 2.16 dB as compared to the conventional microstrip patch antenna. Moreover, an approximately perfect matching is achieved; the impedance of the proposed antenna is (49.3 + 3.88)Ω with a quality factor of 16.8 and F/B ratio of 9.5 dB. is the resonance frequency, Sim. is the simulated gain, Mrd. is the measured gain, VSWR is the voltage standing wave ratio, is the width of the substrate, is the length of the substrate, and is the height of the antenna. 
Fabrication and Measurements
Using FR-4 substrates with of 4.3, the proposed antenna has been fabricated. The second layer is fixed at 5 mm using four Teflon spacers and thin films of solvent adhesive with of 2. The dual layer microstrip patch antenna is connected to 50 Ω SMA connector. The overall dimensions are 60 mm × 55 mm × 8.3 mm; the 8.3 mm equals 0.069 0 . The 11 parameter of the fabricated antenna is measured using a vector network analyzer (Anritsu 37347D). The gain of the fabricated antenna is measured using a vector signal generator (Anritsu MG3700A), a spectrum analyser (Advantest R3267), and a two-horn antenna with dual polarization (A-INFOMW). Figure 9 shows the fabricated dual layer of the proposed microstrip patch antenna.
The differences in values between the simulation and measurement results are due to the effect of analogue losses and deficiencies. These factors cannot be taken in to account using the currently available simulation software.
In Figure 10 , a comparison of 11 parameter between simulated and measured results is shown. The measured value of 11 is −18 dB while the simulated value is −28 dB. The measured gain of the proposed antenna is 5.2 dB and it is comparable with the simulated gain, which is 5.4 dB. In comparison with the DB-CPWFA, the measured gain of the proposed antenna is close to the measured gain of the DB-CPWFA, which is 6 dB, as shown in Table 1 .
Conclusion
A unidirectional and low profile microstrip patch antenna of 0.069 0 has been introduced. Using a second layer of FR-4, which is coated with copper, reduced the back lobe and enhanced the gain up to 5.4 dB as well as increased the directivity up to 7.74 dBi with F/B ratio of 9.5 dB. Moreover, the proposed antenna shows flexibility during the optimization technique and the simulation results are evaluated by measurements.
International Journal of Antennas and Propagation 5 The proposed antenna is compatible for specific applications, such as security and military systems, due to considerable gain, small size, low profile, and unidirectional propagation. Furthermore, it is easily fabricated at low cost and low complexity.
The proposed antenna outperforms both the conventional one in terms of the matching impedance and gain and the DB-CPWFA in terms of matching impedance and a significant size reduction of 67.4% with a comparable gain.
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